SYNOPSIS A case of encephalitis associated with a remote and occult oat cell carcinoma is presented in which the main clinical features were progressive dementia and central hypoventilation syndrome. The only significant anatomical lesions within the known anatomical substrate of respiration affected the locus caeruleus on both sides. It is speculated that the degeneration of the locus caeruleus was responsible for the central hypoventilation syndrome. Hitherto undescribed neuronal intracytoplasmic eosinophilic inclusions were found in an isolated lesion of the insular cortex. Electron microscopy failed to disclose viral particles in the regions of neuronal degeneration.
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One of the less common but diagnostically challenging of the remote, nonmetastatic, neurological complications of carcinoma is an encephalitis clinically manifested as progressive dementia and pathologically seen as changes predominantly localized within the limbic system (Brain et al., 1951; Charatan and Brierley, 1956; Brierley et al., 1960; Brain and Norris, 1965 ; Henson et al., 1965; Morton et al., 1966; Corsellis et al., 1968) . However, the pathological lesions may be widespread or localized to various other levels of the central nervous system from the cerebral cortex outside the limbic system (Morton et al., 1966) Central hypoventilation syndrome is an uncommon disorder of various aetiologies such as poliomyelitis (Sarnoff et al., 1951; Garlind and Linderholm, 1958; Plum and Swanson, 1958; Strieder et al., 1967) , infarcts (Plum and Alvord, 1964; Devereaux et al., 1973 ), brain-stem tumour (Plum, 1970) , and of unknown cause (Seriff, 1965) . Where anatomical studies were available, the lesions were in the brain-stem and in particular the medulla. In this report, we present a case in which the predominant clinical findings were those of progressive dementia and central hypoventilation syndrome, and evidence is presented to suggest that lesions of the locus caeruleus may play a role in this latter syndrome.
The aetiology of encephalitis associated with carcinoma remains unknown, but a pathogenesis dependent on an opportunistic viral infection remains an attractive hypothesis (Storring et al., 1962; Henson et al., 1965 ; Case Records of the Massachusetts General Hospital [Case 42-1970 [Case 42- ], 1970 . In this regard, intranuclear inclusion bodies have been noted previously within oligodendrocytes (Glaser and Pincus, 1969) and neurones (Norris et al., 1970 brain-stem showed no gross lesions or evidence of metastasis.
Microscopically, the significant histological findings were localized severe neuronal loss, profuse astroglial hypertrophy and proliferation, microglial proliferation, perivascular cuffs of lymphocytes, rare neuronophagia, and myelin degeneration in the zones of neuronal loss. The hippocampal formation on both sides showed total loss of neurones in the end plate and dorsal cell band and scattered neurones surviving in Sommer's sector, fading into less apparent loss in the subiculum and the adjacent cortex of the parahippocampal gyrus (Fig. 3) . Profuse fibrillary astrogliosis and glial fibrosis replaced the zones of neuronal loss accompanied by microglia and rare phagocytes (Fig. 4a) . The astrocytes in the zones of lesser involvement such as the subiculum were appreciably more plump and microglia more rod-shaped (Fig. 4b) . Rare neuronophagia was noted in some areas (Fig. 4c) (Fig. 4d) . The dentate fascia showed similar changes of severe neuronal loss and astrogliosis. The fimbria and alveus showed little evidence of myelin loss, although the severely affected hippocampus was devoid of myelinated fibres. The overlying meninges contained only rare lymphocytes, and the ependymal lining of the adjacent temporal horn was intact.
In the amygdaloid complex of nuclei and periamygdaloid cortex, neuronal loss was diffuse but less conspicuous than in the hippocampus, but there was a striking hypertrophy of astrocytes throughout the area. A diffuse microglial proliferation was a prominent feature along with scattered perivascular cuffs of lymphocytes. Except for an isolated focus confined to a portion of a single gyrus in the insular cortex, liberal sampling of other cortical areas showed no change. The affected area showed partial loss of neurones, especially in the external pyramidal layer, with reactive fibrillary astrogliosis and the presence of elongated rod cells. Rare neurones at the margins of the zone of degeneration contained irregular, granular, eosinophilic, centrally located cytoplasmic inclusion bodies with margination of the Nissl substance and displacement of the nucleus to one side (Fig. 5) of lymphocytes with mild to moderate neuronal loss in portions of the dorsomedial nucleus and nucleus centrum medianum. In the midbrain, there was microglial proliferation, astroglial hypertrophy, perivascular cuffs, and rare neuronophagia involving the nucleus of the inferior colliculus and the dorsal nucleus of the raphe. In the pons, there was localized but severe neuronal loss of the locus caeruleus bilaterally accompanied by extracellular pigment deposits and astrogliosis (Fig. 6) . The vessels of the surrounding areas showed perivascular cuffs. The dorsal and ventral tegmental nuclei and the superior central tegmental nucleus showed normal neuronal populations with no reactive changes. No perceptible neuronal loss was appreciated in the medulla with the possible exception of the inferior olivary nuclei where astroglial hypertrophy was accompanied by microglial proliferation. Fibrillary astrocytes were prominent along the floor of the fourth ventricle but without perceptible neuronal loss. There was no evidence of increased vascularity anywhere along the floor of the fourth ventricle, and the medial and lateral medullary reticular formations were free of abnormality. Randomly scattered perivascular cuffs, sometimes quite heavy, were present throughout the medulla but most prominent around the inferior olives. Rare perivascular cuffs were noted in the spinal cord without other change. The cerebellum was normal. The histological changes at the various levels of the central nervous system are summarized in the Table. ELECTRON MICROSCOPY Small blocks of formalin fixed tissues were removed from the dorsal cell band and end plate of the hippocampus from sections adjacent to those showing neuronal degeneration obtained at necropsy. Minced blocks were washed in the sucrose-cacodylate buffer and post-fixed in 1% osmium tetroxide fixative, dehydrated through graded ethanol and propylene oxide, and embedded in Epon. Thin sections stained with lead citrate were examined under the Hitachi HU-1 1 C electron microscope.
As expected, there was poor preservation of cell membranes and organelles, and cell relationships and identifying details were lost; however, oligodendrocytes and astrocytes were identifiable by their nuclear size and shape and closely packed fine glial fibrils associated with the latter. No not found in one other case. In the case with the neoplasm, mediastinal and hilar lymph nodes were replaced by oat cell carcinoma, but, as in our case, no primary lesion was found in the lung. This patient (case 2) was a 58 year old man who developed an illness lasting 11 weeks beginning with respiratory symptoms and depression, terminating in a rapidly progressive dementia.
The CSF contained 24 cells per mm3 (9700 lymphocytes), total protein of 90 mg/100 ml, and colloidal gold curve of 5555554321. Widespread but not generalized inflammatory and degenerative changes of neurones were noted throughout the brain, characterized by perivascular cuffs of round cells and astroglial and microglial proliferation. These changes were most severe in the parahippocampal gyrus, subiculum, Ammon's horn, amygdaloid complex of nuclei, and insular cortex. Although the authors commented on the possible association of the encephalitis with the presence of carcinoma in one of their cases, they concluded, 'it seems most unlikely that this finding is in any way related to the encephalitis but its occurrence should be noted'. As to the pathogenesis of the encephalitis, a viral aetiology was suspected on the basis of the histological appearance, but the authors concluded that virological studies were necessary to substantiate the pathogenesis. Subsequently, additional case reports strengthened the association between encephalitis and carcinoma (Henson et al., 1965; Corsellis et al., 1968) . Various authors favoured a degenerative theory (Verhaart, 1961; Ulrich et al., 1967) , a viral theory (Storring et al., 1962; Henson et al., 1965; Yahr et al., 1965) , and an immunological one (Russell, 1961) .
Our patient presented with multiple manifestations of the remote effects of carcinoma, and, although an occult neoplasm was strongly suspected, it was not demonstrated until the postmortem examination. These symptoms included arthralgias, a rapidly progressive mental deterioration, and unexplained weight loss. There was a paucity of abnormal laboratory findings. Generalized slowing on the electroencephalograph (EEG), anaemia, and a CSF total protein of 88 mg/100 ml were noted.
A review of 28 previously reported cases (Greenfield, 1934; Brain et al., 1951; Charatan and Brierley, 1956; Brierley et al., 1960; Verhaart, 1961; Storring, 1962; Henson et al., 1965; Yahr et al., 1965; Morton et al., 1966; Corsellis et al., 1968; Glaser and Pincus, 1969) (Greenfield, 1934; Brain et al., 1951) (Severinghaus and Mitchell, 1962; Mellins et al., 1970) . Anatomical studies of patients with central alveolar hypoventilation syndrome have been few, and the causes have been varied. These causes have included bulbar poliomyelitis (Sarnoff et al., 1951; Plum and Swanson, 1958 ), brain stem tumour (Plum, 1970) , infarcts of the brain-stem (Plum and Alvord, 1964; Devereaux et al., 1973) , bilateral high cervical cordotomy (Belmusto et al., 1963) , and various encephalitides -for example, Western equine encephalitis and von Economo's epidemic encephalitis (Garlind and Linderholm, 1958) . Where anatomical studies were performed, the lesions have been localized to the medullary levels in such areas as the region around the floor of the fourth ventricle (Seriff, 1965) , lateral medullary tegmentum (Devereaux et al., 1973) , and ventral lateral medullary reticular formation (Plum and Swanson, 1958) .
The classical view of the central regulation of respiration has placed the primary respiratory centres in the medullary reticular formation with a capacity for autorhythmic activity (Pitts, 1946; Oberholzer and Tofani, 1960) . In turn, these centres are under higher level controls from pontine centres, diencephalon, and various cortical areas. The two known pontine centres are the ' pneumotaxic centre' localized to the rostral dorsolateral pontine tegmentum (including the locus caeruleus) and the 'apneustic centre' occupying a more extensive region in the middle and caudal pons Wang et al., 1957; Oberholzer and Tofani, 1960) . Destruction of the locus caeruleus in man associated with various pathological states such as diabetic coma, pernicious anaemia, and arteriosclerosis was accompanied by a respiratory disorder characterized by a normal rhythm but with deepening of the inspiratory and expiratory phases (Hess and Pollack, 1924) . These cases showed no abnormality of the vagal nuclei and the medullary reticular formation, and Hess and Pollack held that the locus caeruleus is a respiratory centre.
The apneustic centre exerts a tonic inspiratory and rhythmic influence on the medullary inspiratory centre, and apneustic respiration develops when the inhibitory (expiratory) influence of the pneumotaxic centre is abolished (Breckenridge and Hoff, 1953; Oberholzer and Tofani, 1960) . Bilateral destruction of the locus caeruleus caused apneusis in cats, and stimulation caused expiratory pauses before vagal section and inspiratory pauses after vagotomy (Johnson and Russell, 1952) . Degeneration studies indicate that the locus caeruleus exerts its influence on the medullary respiratory centres through the lateral tegmentoreticular tract (Johnson and Russell, 1952; Russell, 1955) . Examination of the brain-stem in our patient failed to uncover any appreciable neuronal loss in the medulla; however, the locus caeruleus on both sides showed severe degeneration. In the presence of these discrete destructive lesions of the locus caeruleus, and in the absence of any major medullary or other brain-stem lesions, it would appear that the locus caeruleus and its connections to the medullary reticular formation mediated through the lateral tegmentoreticular tract could have played an important role in this patient's hypoventilation syndrome. However, this conclusion remains speculative, inasmuch as the part played by the limbic and cortical lesions and the meaning of the mild but definite fibrillary astrogliosis along the floor of the fourth ventricle cannot be properly assessed. have not always been very well correlated. On the other hand, there are well-documented cases in which severe changes within the limbic system have been associated with dementia. Macroscopically, no distinctive changes were present, although slight cortical atrophy, mild ventricular dilatation, and a brownish discolouration within the hippocampal formation have been described (Verhaart, 1961; Corsellis et al., 1968) . Leptomeninges have been grossly normal. Typically, microscopic changes include perivascular cuffs of lymphocytes, focal neuronal loss, neuronophagia, microglial nodules, and diffuse microglial and astroglial proliferation (Brierley et al., 1960; Henson et al., 1965; Corsellis et al., 1968) . Although these changes are widespread, they are most prominent within the limbic system (Brierley et al., 1960; Verhaart, 1961; Storring et al., 1962; Henson et al., 1965; Corsellis et al., 1968) , certain cortical areas (Brierley et al., 1960; Morton et al., 1966) , and brain-stem (Henson et al., 1965) . One paper (Glaser and Pincus, 1969) described intranuclear inclusion bodies in oligodendrocytes and occasional neurones in a patient with a remote carcinoma. Norris et al. (1960) reported a patient who had progressive blindness and amyotrophy for 2j years. Metastases were also found in the pancreas and lymph nodes with histology resembling oat cell carcinoma, but no primary pulmonary neoplasm was found. In the latter respect, this patient was similar to ours in whom oat cell carcinoma was found in the periaortic lymph nodes with no primary tumour in the lung. These authors reported 'diffuse motor neurone degeneration, with lymphocytic cuffing of small blood vessels' without further details as to the levels of the involvement of the central nervous system. No inclusion bodies were demonstrated by light microscopy. However, electron microscopic studies of material removed from the medulla and spinal cord contained intranuclear particles measuring [25] [26] [27] [28] [29] [30] mpm in diameter suggestive of viral particles. To our knowledge, the neuronal intracytoplasmic inclusions found in our case have not been noted previously. Such inclusion bodies suggest viral aggregates, but electron microscopic demonstration and virological studies are needed to clarify this finding. Electron microscopic examination of our material failed to uncover any particles suggesting viruses, but sampling was limited.
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